A new processed EEG machine, the Lifescan, ® which uses aperiodic analysis, was used to monitor cerebral activity prospectively in twenty-one patients undergoing carotid artery surgery under general anaesthesia. The machine was easy to apply, use and read. Volatile agents caused a bilateral decrease in high frequency activity. Unilateral changes consistent with cerebral ischaemia at the time of carotid cross-clamping were also seen. One such prolonged change was not associated with neurological deficit. A further patient awoke with neurological deficit without displaying Lifescan® evidence of ischaemia. The machine requires further assessment.
use of computerised processing of the EEG signal attained from bilaterally applied leads overcomes many of these problems. Fourier analysis techniques have shown some success in the detection of cerebral ischaemic events. 5 ,6 The Lifesc~n® (Neurometrics), a new processed EEG device, uses aperiodic analysis 7 which maps each waveform in relation to its frequency, amplitude and time of occurrence rather than averaging large numbers of waveforms over a given epoch, as in Fourier analysis. The low frequencies (0.5-8 Hz) and higher frequencies Hz) are detected differently. Low frequencies require the presence of zero-level crossings between highest peaks and lowest valleys of the raw EEG. The higher frequencies require only consecutive peaks and valleys. The algorithm used in aperiodic analysis avoids the process of averaging used in Fourier analysis. The amplitude scale is a direct representation of the raw EEG rather than the power spectrum used in Fourier analysis.
A prospective study was undertaken in a small group of patients to evaluate the use of the Lifescan® during carotid endarterectomy.
MA TERIALS AND METHODS
Twenty-one consecutive patients scheduled for elective carotid artery surgery (19 carotid endarterectomies and 2 carotid artery aneurysms) by the Vascular Surgical Unit were included in the trial. All patients had undergone digital subtraction angiography or carotid angiography and neurological examination preoperatively. On arrival in the operating theatre an intravenous infusion was commenced and a radial artery cannula inserted. ECG and arterial blood pressure were recorded continuously on paper strip until the end of surgery.
The EEG electrodes were attached to the frontal and mastoid areas bilaterally with the reference electrode in the midline frontally. Although specific EEG electrodes are supplied, we used 3M Red Dot® ECG electrodes after the skin had been scraped and a small amount of electrode gel applied. The processed EEG signal is displayed on a full colour, high resolution screen as two threedimensional parallelograms representing global activity of the left and right hemispheres. Frequency versus amplitude is on the X-Y axis and time on the diagonal (Z) axis. The signal appears as vectors whose position and height indicate frequency and amplitude respectively ( Figure 2 ). New data emerges at the front of the screen and moves backward as time progresses. For ease of interpretation the frequency is colour-coded as follows: For the purpose of this study the machine was set at an amplitude of 200 microvolts (Y axis), a time base of five minutes (Z axis) and edge frequency of 90%. The edge frequency is defined as the frequency below which a given percentage of the summated amplitudes reside. It is similar to spectral edge frequency5 in that it helps provide a definite level which is easily trended on the screen. It is represented by a white line and a numeric giving the instantaneous value at the front of the parallelogram. Electrical impedance is indicated by the colour at the bottom right of each box. Green is less than 7000 Ohms, yellow 7000-15,000 Ohms and red unacceptably high. Various other functions are available and all readily accessed by infared hand-held remote control. An event marker will not ate any events by inserting a numeric along the bottom right edge of each parallelogram on the time axis. Importantly, the raw EEG can be readily retrieved to ensure that the bipolar electrodes are acting correctly and not processing noise. The machine also has the capability of a paper printout, but unlike the screen, this only appears in three colours ( Figure 5 ).
Anaesthetic management consisted of midazolam or diazepam sedation during insertion of lines, fentanyl, thiopentone, muscle relaxants and ventilation with 66% nitrous oxide in oxygen. Volatile agents (either halothane, enflurane or isoflurane) were used to supplement anaesthesia if required. Patients were ventilated at normocarbia with the aid of a Datex Capnometer. Intravenous nitroglycerin or metaraminol were used to control arterial blood pressure close to preoperative levels.
Shunts were routinely used in all patients except those having surgery for carotid artery aneurysms (patients no. 7 and 20). All events, either surgical or anaesthetic, were marked on the Lifescan® screen by using the hand-held control to activate the numeric event marker and any change in EEG screen pattern was noted by the anaesthetist on a specially prepared observation form.
At the end of surgery the Lifescan® screens were retrieved in sequence using the memory function and photographed by the medical photographer. All patients were examined for neurological deficit immediately on awakening.
RESULTS
A summary of the relative clinical information and major screen changes IS shown in Table 1 .
The most common change seen was a decrease in edge frequency (loss of high frequencies) bilaterally, associated with the use of volatile anaesthetic agents ( Figure 1 The right carotid flow is occluded from event 9-10 during shunt insertion and event 11-12 during shunt removal. There is a loss of high frequency activity on the right side at both these times. Three patients (nos. 3, 6, 21) showed abrupt unilateral decreases in edge frequency (shift to lower frequency waveforms) on crossclamping the carotid, consistent with cerebral ischaemia.
Patient no. 3 ( Figure 2 ) was a 70-year-old female who underwent carotid endarterectomy and was anaesthetised with a balanced anaesthetic using fentanyl. Crossclamp time was four minutes and shunt time twenty minutes. When the shunt had re-established carotid flow, the EEG immediately returned to its previous configuration. Patient no. 6 (Figure 3) , a 69-year-old female, also underwent left carotid endaterectomy. Halothane was used Figure 4) , a 59-year-old male, underwent a right carotid endarterectomy. Halothane was used as a supplement. Up till the time of cross-clamping the EEG was symmetrical and stable and no anaesthetic drugs had been given prior to cross-clamping. The EEG showed marked decrease in high frequency activity on crossclamping which remained low until the end of the case, despite insertion of a shunt and elevation of the blood pressure using metaraminol. Clamp time was six minutes and shunt time'32 minutes. The patient awoke without neurological deficit and the EEG returned to preoperative levels on awakening, DISCUSSION Processed EEG techniques have several advantages over standard 16-lead EEGs. Bipolar leads are easy and quick to apply compared to the tedious task of applying 16 electrodes, By condensing a tremendous amount of data into a small time frame, they simplify recognition and interpretation of the EEG changes. This allows the clinical anaesthetist to monitor cerebral electrical activity, thereby avoiding the necessity for a trained encephalographer, The Lifescan® is specifically designed for intraoperative monitoring, It is mobile, takes little space and the screen is easy to visualise. The application of electrodes and adjustment of functions in order to commence monitoring takes less than five minutes and causes minimal delay. Perhaps the major advantage is the clarity of the screen presentation, Unlike formats using Fourier analysis (e.g. hidden line suppression or density modulated spectral array) which may be difficult to interpret, the multi-coloured threedimensional graphs are extremely clear. This is important since feature recognition and parameter extraction by the attending anaesthetist ultimately determine the usefulness of the equipment.
The screen changes require a degree of subjective interpretaton in a manner similar to a full 16-lead EEG. Although some objectivity is provided by the edge frequency, the interpretation is more complex than a single numeric alone. We found that the edge frequency line dominated the screen appearance and was the most obvious marker of cerebral electrical activity. However, interpretation of the processed EEG should not only take into account the derived values but also display the raw EEG tracing. 8 Bowdle et al. described a case in which the spectral edge was unchanged despite a reduction in power of the lower frequencies because high frequency activity had been maintained. 9
Volatile agents are known to produce dosedependent changes in EEG activity. On the Lifescan® screen this was characterised by a decrease in edge frequency (a relative shift to the slower waveforms). This change may be difficult to differentiate from an ischaemic episode, although ischaemia tends to be more abrupt in onset. The simultaneous display of both hemispheres showed symmetrical falls when volatile agents were introduced. The use of unilateral bipolar leads does not permit this comparison 5 ,6 allowing for the potential to confuse these two issues. Using a balanced anaesthetic technique without volatile agents would avoid this problem. In those cases in which a volatile agent was omitted both hemispheres retained symmetrical high frequency activity throughout. However, volatile anaesthetics, besides allowing better control of anaesthetic depth, may increase tolerance to ischaemia. ID Our 14.3% detection of ischaemic episodes in relation to cross-clamping is consistent with other studies. II EEG changes are not necessarily associated with neurological deficitY The EEG purely reflects the adequacy of cerebral blood flow which may decrease well before irreversible neuronal damage occurs. Although moderate ischaemia may be tolerated for limited periods the exact duration is unknown. Attempts to quantify a 50% fall in spectral edge frequency for ten minutes as being the criterion for resultant neurological deficit have recently come under question. 13 Our patient, who showed 40 minutes of depressed EEG activity and awoke without neurological deficit, reinforces this doubt.
The patient who awoke with neurological deficit having displayed no change in EEG activity (false negative) is of concern as it brings into question the sensitivity of the Lifescan. ® Several factors must be considered. First, it is known that cerebral electrical activity on the brain surface may fail to reflect ischaemia in the deeper regions of the brain.I4 U sing standard EEG, Chiappa et al. documented that only six out of nine patients who awoke with neurological deficits demonstrated intraoperative EEG changes. 15 Awake neurological testing has also demonstrated neurological deficits that have not been detected by standard EEGs. I6 Second, the bilateral recording system may have failed to collect or present data that was attainable if a standard EEG had been used. Placement of electrodes in the fronto-mastoid configuration leaves unmonitored large portions of the brain perfused by the middle cerebral artery. 8 Such distantly spaced electrodes tend to be orientation sensitive rather than location sensitive and therefore are less sensitive for detection of localised ischaemia. I7 Finally one must consider the possibility of a technical error. This seems unlikely as the machine self-tests automatically before each usage and is programmed to signal any fault should it arise.
Spackman et al. 18 retrospectively compared the Lifescan® paper printout with the 16-lead EEG and showed that it predicted with a fair degree of accuracy the presence of cerebral ischaemia at the time of cross-clamping. However, the authors concluded that the study was far removed from the on-screen, real-time operating theatre study such as we have described here. A major drawback exists with interpreting the paper printout.
Although various degress of hypotension were observed and required treatment with intravenous metaraminol, we are unable to identify a single EEG change directly associated with hypotension. We also did not observe any asymmetry of the Lifescan® at the commencement of anaesthesia in those patients who had suffered recent strokes or recent reversible ischaemic neurological deficits.
The Lifescan® proved eminently suitable for clinical usage. It responded well to increasing depth of anaesthesia by volatile agents and as such may be a valuable monitor of anaesthetic depth. Others have used it to define the end-point of anaesthesia using intravenous opioids. I9 It functioned well as a valuable detector of cerebral ischaemia during carotid surgery and this usage may also be extended to other areas such as cardiopulmonary bypass. At this point in time, since the sensitivity of the Lifescan® may be questionable, we would not recommend its use as the sole criterion for selective shunting. Further studies are required to clarify the sensitivity of this monitor.
